Since the successful application of coconut milk as a growth-promoting factor (embryo factor) for the culture of very young embryos by van Overbeek et al. ' , 2, , this material has been used with good results, not only in embryo culture, but alsa in plant tissue culture in general3 4' . Similar growth-promoting substances were later found in other plant materials5-8', especially in the diff usate of young seed of Lupinus luteus9' .
Since the successful application of coconut milk as a growth-promoting factor (embryo factor) for the culture of very young embryos by van Overbeek et al.' , 2, , this material has been used with good results, not only in embryo culture, but alsa in plant tissue culture in general3 4' . Similar growth-promoting substances were later found in other plant materials5-8', especially in the diff usate of young seed of Lupinus luteus9' .
On the other hand, gibberellins and gibberellin-like substances were found in the young seed or fruit of a number of species of plants'°-'2>, including Lupinus luteus'2,, and even in coconut milk13' . Furthermore [a positive correlation between growthh of the seed or embryo and increase in amount of gibberellin-like substances in the ripening seed was reported '4,15) . Thus it was suggested that the two activities, one for embryo growth and the other for elongation, may be attributable to the same substance or substances.
In the present study, to obtain further knowledge on this point, paper-chromatographic separation of embryo factor and gibberellin-like substance contained in the ethanol diff usate of young seed of Lupinus was studied and furthermore the effects. of various gibberellins on the growth of young Datura embryos were investigatedd in vitro.
Materials and Methods
Young, about ten days old embryos of Datura tatula ranging between 0.2 and 0.3 mm in length were cultured aseptically on a medium containing modified White's salts9', the substance to be tested, 40 g sucrose and 9 g agar per liter. Test tubes with one embryo each were maintained at 300 in the dark for 5 days. The techniques of isolation of the embryos were the same as those reported by van Overbeek et ale' . The sterilization of the medium and the preparation of ethanol diff usate from the seeds of Lupinus luteus were the same as those reported by the senior author in a previous paper9' .
Lupinus diff usate tested at the concentration equivalent to 8-10 g of the seeds per 100 ml of the basal medium was autoclaved with the medium, and gibberellins A', A2, A3 and A4 solutions were sterilized with Seitz-filter and added to the basal medium aseptically shortly before solidification.
In the paper-chromatographic fractionation, suitable amounts of Lupinus diff usate were streaked at the foot of Toyo filter paper No. 51 and were developed with four different solvent systems by the ascending method at room temperature. The dried filter paper was divided crosswise into ten equal pieces and each piece was eluted with 20 ml of water for 24 hours at 5 ° . Each of the individual eluate was used for the * Laboratory of Applied Botany , Faculty of Agriculture, Kyoto University, Kyoto, Japan. Results 1) Paper-chromatographic separation of embryo factor and gibberellin like substances in the diffusate of young Lupinus seed: The ethanolic diffusate was developed with n-butanol, acetic acid and water (4: 1 : 2) . As shown in Fig. 1 , embryo factor was found at Rf 0.1-0.2, while the gibberellin-like substances covered a wide zone of Rf 0.4-0.9 with two maximum peaks at about Rf 0 .5 and 0.85. The Rf value of gibbe rellin A3 developed with the same solvent was 0.92 .
Figs. 1-4. Histograms
showing the presence of an embryo factor (solid line) and gibberellin-like substances (dotted line) in the diffusate of young Lupinus seed. Paper-chromatograms, were developed with four different solvent systems. Fig. 1 , n-butanol, acetic acid and water (4: 1 : 2) ; Fig. 2 , n-butanol, pyridine and water (1: 1 : 1) ; Fig. 3 , iso-propanol, ammonia andd water (16: 1 : 3); Fig. 4 , methanol, water and pyridine (20: 1 : 5).
When developed with n-butanol, pyridine and water (1: 1 : 1), embryo factor was found at Rf 0-0.2 and gibberellin-like substances at Rf 0.5-0.9 with a maximum peak at Rf 0.7 (Fig. 2) . With iso-propanol, ammonia and water (16: 1 : 3) ( Fig. 3) , embrya factor was found at Rf 0.1-0.2 and gibberellin-like substances mainly at Rf 0.2-0.5
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Only slight promotion of embryo growth was found in eluates from the zone of maximum gibberellin activity and also only slight acceleration of rice sheath elongation occurred with the addition of fractions from which maximum embryo factor activity was found.
With the developer consisting of methanol, water and pyridine (20 : 1 : 5) ( Fig. 4) , embryo factor was found mainly at Rf 0.3-0.6 with a maximum peak at about Rf 0.5, and gibberellin-like substances at Rf 0.5-0.9 with a maximum at Rf 0.7. In the present experiment with the four solvent systems, Rf values of embryo factor were always different from those of gibberellin-like substances. Activities of the eluates obtained from the zone of embryo factor (Rf 0.1-0.2) and that of gibberellin-like substances (Rf 0.4-0.9) on a paper-chromatogram developed with n-butanol, acetic acid and water (4: 1 : 2), were tested at concentrations corresponding to 1, 2, 10 and 20 g of Lupinus seeds per 100 ml of the test solution and the culture medium.
As shown in Fig. 5A , embryo growth was stimulated more strongly with increasing concentration of the eluate from zone of embryo factor (Rf 0.1-0.2) and slightly at higher concentrations of the eluate from zone of gibberellin-like substance (Rf 0.4-0.9). On the contrary, the elongation of the rice seedlings was accelerated by the latter eluate at higher concentrations and not by the former eluate at any concentrations (Fig. 5B) .
2) Growth response of Datura embryos to gibberellins A1, A2, A3 and A4: Young embryos were cultured on media containing various concentrations of gibberellin A3 and on the media containing Lupinus diff usate, with or without addition of 400 ppm casein hydrolysate.
The results are shown in Table 1 and Fig. 6 . Whether casein hydrolysate was supplemented or not, gibberellin A3 promoted the elongation of the embryo to a certain extent and its optimum concentration was 0.5 ppm. In general, embryos cultured on media containing gibberellin A3 were more slender than those of the controls.
In spite of the promotion of elongation, fresh weight of the embryo decreased with increasing concentration of gibberellin A3. The activity of Lupinus diff usate was very striking, compared with that of gibberellin A3, it increased both length and fresh weight of embryos.
Results of similar experiments with 0.1 ppm of gibberellins At, A2, A3 and A4 are represented in Table 2 . All gibberellins stimulated the elongation of embryos slightly, 
Discussion
Corcoran an.d Phinney14', and Ogawa15' reported that the amount of gibberellinlike substances per seed increased during seed ripening and decreased as the seed approached maturity, and larger amounts of gibberellin-like substances were present in the endosperm than in any other tissues of the fruits.
From these observations they suggested that gibberellin-like substances might play an important role in seed development.
Gibberellin-like substances were also found in coconut milk13' and young Lupinus .seed12' , which have already been reported to be rich sources of embryo factor' , 2 , 9, These findings suggested that both promoting activities of embryo growth and gibberellin-like activities might be due to the same substance or substances.
However, in the present experiment, chromatographic studies using four different solvent systems revealed that the Rf value of embryo factor in Lupinus diffusate was quite different from that of gibberellin-like substances in the same diff usate . And it was also indicated that the gibberellin-like substances were not so effective for embryo growth and that the embryo factor in the diff usate was quite inactive in the bioassay for gibberellins.
These results are compatible with culture experiments with gibberellins A1, A2, A3 and A4. The elongation of the Datura embryo was stimulated to a certain extent by gibberellins, but this stimulation was far smaller than that of the Lupinus diff usate . When supplemented with casein hydrolysate as nutritional factor, the effect of gibberellin A3 in promotion of embryo growth was striking; however, increase in fresh weight of the embryo was scarcely affected even by higher concentrations.
In upland cotton (Gossypium hirsutum), axis elongation of the embryo and increase in fresh weight were greatly intensified by gibberellin (10-5 M) ; however, the dry weight was smaller than that of controls17' . Wada (1960) reported that stem elongation of spring wheat, Konosu No. 25, in aseptic culture was increased strikingly and fresh weight per unit length was decreased with increasing concentration of gibberellin". Thus gibberellin stimulates the axial elongation of embryos, but this stimulation seems not always to mean the promotion of the normal embryonic growth because it is accompanied by the suppression of increase in fresh or dry weight.
This suppression may be due to an unbalanced metabolism.
Although it is highly probable that the natural gibberellins are involved in some processes of seed and fruit formation, for instance, endosperm and carpel development etc., their genuine role in the growth of embryo itself is obscure and remains to be investigated .
Summary
1) The effects of gibberellins A1, A2, A3 and A4 on the growth of the aseptically cultured young embryo of Datura tatula were examined and chromatographic separation of embryo factor and gibberellin-like substances in the seed of Lupinus luteus were investigated.
2) It was shown by paper-chromatography that the embryo growth-promoting activity in Lupinus ethanol diff usate was due to a substance other than a gibberellinlike substance.
3) Gibberellins A1, A2, A3 and A4 stimulated the axial elongation of the Datura embryo to a certain extent.
However, their stimulations were far smaller than that induced by ethanol diff usates of young Lupinus seed. Increase in fresh weight was scarcely affected by the former substances whereas it was strongly augmented by the latter.
